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PROBLEM TO BE SOLVED: To control an inverter input voltage over a 
wide range and to efficiently drive a motor. 

SOLUTION: A DC power supply 40 is connected between neutrals of two 
three-phase coils 24 and 26 of a 2Y motor 22, which are wound on a 
same stator and to which three-phase AC powers are respectively 
supplied with a phase difference, corresponding to a winding shift angle 
between each other from two inverter circuits 30 and 32, which have a 
positive pole bus-bar 34 and a negative pole bus-bar 36 in common, and a 
capacitor 38 is connected between the positive pole bus-bar 34 and the 
negative pole bus-bar 36. By the switching control of the inverter circuits 
30 and 32, the potential difference between the neutrals of the three- 
phase coils 24 and 26 is made to be smaller or larger than the voltage of 
the DC power supply 40 to charge or discharge the capacitor 38. Wuth 
such a constitution, an inverter input voltage can be regulated over a 
wide range. 
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(C. Iffii2>f 6 1-63, 6 4-6 6 SCj; 9t£tti<* ft 
fc*-*««8fc I u 1 . I vl. Iwl. Iu2. Iv 
2. I w2^@fift^>f6 8Kj:9&ffi£ft£2Y*: 
- * 2 2 <D[gJ?5^<D@1fcft 0 ^S^tEffir^STS 
«8E£ftS5Ml 2 Y*-f 2 2<DgH&icH*r£fg4* 
ffico— o<tOTA#3ft**ffiJi4MII d*. lq*)(p 
6«aSE»»M 1 «C J: OHffi-t@^ffe$ft*mac I d . 
IqiOi8Ald. A 1 q £«J>SM 2 <L , 

ffi^A Id, AI qCC^LTP I Xrffll^*- * 20 

wtiWflaoaf¥«*aw"r s p i wwwm §g 

ft-b>-9*6 8iC<t0^ffl3nS2 Y*-*2 2<D0KT- 
<DI3£ft 0 *m>T0EBflajt*«M 4 QftltS ft 

M5 ccj: oaj»snfciififia*<o*»jfiii p 1 soguas 
m 3 ram s n/c* - ^«a«»ffl©«ff«*tt!# 0 r 

WEtMMVd. Vq*»lM-SJ!inl«M6i. he& 

fftvd, vq*iie^-oig«Efle*ffli»rr«=tBa 
»r snfflHffia^fflM 7 1 . 2 V*- £ 2 2®iBtt<c 30 

WT **i^ffi<D-o <tO-CA2>3ft*=i>? r >1faE*i 
<£fiIV c * ilEt>^7 0 tCcfc Ot&ttJ;* ftfc 3 >f"> 
■0-3 8©BT-B«BEV c tcom&AV c*WkW?2>8i>W> 
^M8i, ffl^AVclCfctLTP iy-f>t»>ta> 

^^ifWEssKfflowftwttafpmiawrsp urn 
si5M 9 i . eiEaan**M 4 k * 0 sir $ n/c@Kii 
fi<fc«attS4*ffi id*, i q xicm^xni&niMo^ 

•ift^SMfflM.l 0 cc J: 0 319 £ ftfc«ifc*86<D*aJ 

itpi meisBM 9 ec j: 13 a» s n/c«ib«isaffi § <t 

«?6aa«:8SlS-r4/c»©Hffl3-f^2 4. 2 6<D*i£ 

*ia<oattSv 0 1 2 fcssr* p i wbhwm 1 2 
cotptt^raoatisvo 1 2trra=»S£*»M7«c 
<fco?#6ft^&taa{4Vu 1 . vvi, vwi. v u 

2. Vv2. Vw2i*ttHH/T^HfS^%»5J!ni»S 
M13i. 0lfl4«iUiStffi^t PWMff^fciKI?: 
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*rte, zffl=i^^2 4tc»*r^^nv^i=«=i-YJU 
2 6 &c*tf * ££P]-<d:/p ? * £ 1/TIfiiSO 

fc. *8E9£»«M 1 ft> €> H ffiHfflKftWM 7 fc^ enm 
^SgPM 1 4«, *tt*JH<D«te«VO 1 
■Sfccfctf HtBa -f ^2 4 iHtBn -f JU2 6 <LCC*tUT^ 

a Kta^-r & man* tosr ' 

M7CC<fc9»6ftfcS*B«aVu 1. Vvl. Vwl, 
Vu2, Vv2. Vv2«:^M8^^P I$fl@JSPM 

1 2«cio»»0hitttt*jH©«fiaivo i 2^0^ 
orpwM«#*»»-r*ct«cj:o. @:?femM4 0cc 

* 3 8 OlEV c tft&^tt V c * $ ft £ £ 5 =*B 

:s-oi/2 4. 2 6«cennnsfts=taS£i»*ia5K:«i7S-r 

[003 3]CCt, PWMflMKBMl 4tffll>5S[S 
«©=t§3 Jl/2 4WKc»*r4HtB3-/;l/2 6fflJ©ffi*H 

H7«C«ift«* 1 0 0Hz. 3>f>t3 8 0«EVc 
^400V, ffiftWEU OOtSEVb* 1 oov, 

-rftfta^3oe. miftig^ffii d*. u*^o 
a t Ltc&ftvmMmmsft z o g<t l/c <t £<dh«s y 

^•^^Ix-Va^I (Ml (a) ) ijaaijs 
3>J£S (07 (b) ) CD— #fl£^-r e s^-r^j:^ 

[0 034] a±KMl//cSUSWO»*ffl*»K2 0 6C 
J:ftt^ 2 Y^-^2 2CDHtB3^;V2 4, 2 6CO*tt 

j£oioecit»««4 o *sa»r* t»«:H«3 4 . 

2 6 ©*tt*IBC!>«(it*V 0 1 2 SrHfiS-T 4 C i tC<fc 
0. -f A#*EEV i <bbTQ3>^>lf 3 8© 

^t, 2Y^-^2 2©|gtttt^CCS^l>r@*iC-<> 

«E«cHfiSnti.»S»*«cJtLr. 2Y*-^22^: 

(MtEVbSaSCCja^^fe. it«£ai®4 OCC^T-S 

[003 5] »«©»*IBJ}KI2 0 t?tt. 
;U2 4 iHffln ^ ;l/ 2 6 t =SrWr S 2 Y*- > 2 2 £18 

2 0B«c»^J:9ec % H«a^2 4Bt*t4»l* 
->22AiH«3-f^26Bt*t4»2*-*22 

^-^2 2 Aif2 : &-^ 2 2 BCCS^^SIE^SR 
ft0a. 5 b^^Wt* &@Kft^>-^68 A. 68B£ 
50 Wi. -{>^-^30(c<i:OSl ; t-^22 AlcW 



13 

so $ tx £ = taxa* -t > tf 6 8 a h om&n e 

- * 2 2 B«CEn»DS#i&=fflS!a5«:@Kfl-fe>*6 8 B 

%Stm<DW)jl&tjgim2 0 BTtt, Si*-* 2 2 A© 
0te$i£Jfr2*-£2 2 BOlEll£ia(DZ:oCDaj^f4^f$ 

[0 03 6] mmm<DWit)tittm&2 o^gg&mvwi 

m^Sg!2 0Br«. iE@S^3 4<J:aSS^3 6iCC 

[0 03 7 ] SJSWO«r*ffl*iSIB2 0r« % iESSSE 
3 4 <b©SS^3 6 i(Cn>f r >lf 3 8£&^-rS4><D 

£J:5tc, JES^3 4iHtH3-f^2 4©*tt«*i{c 
r3>f r >-tf 3 8 C a *S6»-r * iitCCHt§3 -f^2 6© 
*tt^ififi»l»3 6 i«C3>^>-fr3 8Cb*8$fc-r 

a. 3 8Cb<&BtjE*ffi<T*C£#r#*. g/c, B 

i o <Dmm<Dmj]&jjgim2 o DK^tsj:^, 

IE@&ig 3 4 £ Ht § 3 A iU 2 4 CD tfift A iCcn>x>^ 
3 8 D a tft-f* t Sic =tg n ;U 2 4 <t © 

&9»3 6 <t(Cr3>«r>^3 8 D b t><Dt L 
fct). 01 l©K««Ott*ffl*iBB2 0E JCW^-T 4 
<fc9«C. jEffie«3 4A=ffl=i-f^2 6(0*tt.*i«:=i 
>r>*^3 8Ea*«*H-*4ft«:=a3-fiU2 6(D* 
S^iM«l3 6 itcn >r >1f 3 8 E b *JgSW-£ 
fc<D<fcbT*<fcl». C*l6©K*«O»*a*S6JB2 0 
C, 2 0D. 2 0Etit IESeS3 4imSS©3 6 

[003 8] *JfiW©»*HW7Kja"2 O-Ctt, 
»<-*lsIB3 0 ( 3 2fcJ:9^«*&3tt*i:o(D= 
tl=»^U2 4. 2 6<D+tt*Jffl«Cflli»««4 0*Stt-r 
L/c#, H 1 2<DgJ&m<D9b1ltitfl£ai2 0 F 
«c«|^r*J:^Cc. =oa±©^>^-»iB3 0 a. 
30b, 30 c • • • CC<£ K>mt)m£2tlZ>=^&±.<D 
Hffln W ;U 2 4 a . 24b. 24c—- <Z>£*tt«£ia 
*fiaMHB4 Oa, 40b. 40c - • • rS^jCCfg^ 

[0039] nmm<DWit)mt>ms2 or«. -oco= 

♦B=i-Ol>2 4. 2 6©Eptt*HJ«CiaS6«»4 0 4S!tt"r 
[0040] *JfiW©»*ffl*«ai2 oris, -its 

-*HBOA*«E*?iK«c«iarafc©r*#i«. «j 



C8) 1SH2 0 0 2-2 1 8 793 
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-ft* toft l static i>&m? zct a*r* 

[0 04 1 ] r2YDC6C*$tt4=i>f s >1f«EIWSj 

[0042 ] CCT?, *HJBB3S02 YDC^fA^ 

C<D3>f>tCOH836W>^-^ INV 1 . -f>^< 
-*INV2(C**i**i««StlTC»*. -Tfcfc*i. 3 

^T^y-comfj&mmtu-cj^'i-z invi, i 

NV2CCA*$tlTC^ 0 

[0 04 4] £ I NV lit 3fflCDtt#jUl. 

VI. Wl^l 4 CC(C^fc-^3^Jl/M10U, V. 

>^INV2(t 3fB<Dffi*;U2, V2. W2^W 
U CCte*-*:3^;UM2<E>U. V. W<D3fB(DnY 

[0 04 5 ] CCt. *-*=i-fJUMl. M2». JM* 
CC7j*bT^£# % l^O-t-^Oa-OUr**). SSQ 

oT, B*-jf3-fAMl, M2«C«*&-T4«i«©ffi# 
30 [0046]*-*3-f;l.Mi; M20«it-S3-f 
M 2 <D*&<m±&'i ^r'jB^lg^ntW. 

cowrii. ■=&- ^ n w i <o*tt.^tc^< ? f «;b© 

[0047]&*> % H*««E803ft^ ^>^-*IN 

vi, i NV2it -en-en»i«aspi»2SjHnim 

[0 04 8 ] StoT, I NV 1 . INV2rt 

Ml, M2JCfltt&t/, Cti6«r«iW*Ci^-C**. 
S6«C. -f>A-jrlNVl, I NV2CC«s»S±fll|h 

so «aa^w>*ss (^g^ffi) 
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[0049] ccr, xmm&fgTkt* io©3>f> 

*INV1, I NV2^BH8ns Q fUt, ;<7fy 
B©Pii*«EE (HfcWBE) Ett»*««cgOBfU«cC». * 

M 2 G>*.£*tt*>* v x !/ B<DMKfttcV<Dm:&mm U 

[0050]^^, S l 3tc^-TJ:0(c:, grimi^pO 

Vm-Vpl), 41>j*-*? I NVlCO^l^p^f, 
Olifittipl, 1 NV l(D»2WSlm*6 

0»ip2, ^>^$INV20S21^6 
01ffi«im2T5)^ e ^-£n^A>M 1 tcoo 

f , utg^SS i u 1 , vfB^gc i v 1 „ wfg^ftt i w 
1 , utSiSmEV u 1 , vtBSWEV v 1 , wtaa«E 
Vwl, *-5aJ )\,M2lCO[ t *x % uffilSi u2, 
vffimm i v2, wtHWft iw2, u t&SS^EV u 2 . 
vtg*g^EVv2. w*SSWEVw2r*S. 

[0 05 1 ]«fcc. *'>^rAr«. ^e-*r7^n,M 

1. M20*tt.^(4Vzl. Vz2i. -Y>>^-£I 
NV1. I NV2©Sffl«E. ^^^n>7 r >1?-CcD 
W^mEVc(D^5J, I NV1. 1NV2 

mH<Dtkvm&*). 2oO*-j?3-f;l/M K M20* 
lfe5ia<B*{a»*. A^fyBlEE (= I Vz 1 - V 
z 2 I ) T2>£ 0 Sot Y>M-£ INVL I NV 
2 (D±fl|iJh 5 TflJ h7>^X $<D*^mm 
<Dlb (&mm *C<fcoT, a>f r >1fCC0MS^E^ 

[005 2] S/c, Oa'-^INVI, INV2IJ, 
rt95(D^ «f ? * > ^ h 7 > ^ * £ P WMfflfiTT -5 C <b 
(CJc^t, *r-*3*Ot/Ml > M2<D#f4£m{aVz 

l, vz2*»jfflir-s. ccr, .kmvv^isxzo*- 

SI 4 (a), 1 4 (b) fC7f;-rj:^«:. Hfrgr^^ 

^«o-jHS8«c»rs*Efg^ffl©fg*i©a^r* 

Tfttefe. WBEJS*tt«B<TS±. ^n/cttHS 

£ft£. E 1 4 (a) CCtt, <tl/rt—& I NV 1<D3!§3 
lrt^StvcfcO, 0 1 4 ( b) «ctt. -f>^-^ 



(9) *3§32 0 0 2-2 1 8 7 9 3 
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^^x^^evccd^c^. #c>p{&#&£ 0 

[0054] Vc = E/(d 1 -d2) 

WSCir, =i>x>1f^EVc^^g"r^C<!:^"C 

[005 5] fcte. ±MO0»r ». ^* 2<D®M%i 
10 HfflTs«cStU 7 s v K^^A^fc^*riC^^ >5 1 >^ 

i±5 0%<D^CC(J 4 ±Th7>^^i^50%OOS 

*HJ4t*7«f-; h W ATd£f£#*ta^fc^ 
C^o CCDii^tC« x ±i£<D5£tt. 5 K^£&x.T 

[005 6]Vc = E/{(d 1-Td/Ts) - (d 
2 + Td/Ts) } 
20 COcfc^CC. xv h*^A*Ktt5i»^fCtelrcfc % ^ 
H$dl. d2£frjm-£C<hrn>f ; >*mEVc£ 

[0057] ^ ^>cc, 0 1 5 cc«. $ hicmommz 

7?il,Xl>Z>. CCWIttt, ^r-^3^;l/iLr. Ml. 
M2. M3<D3o£Wt/ri>£. ^Lt. 

mi. m2co*mfb1^7 7- 1 ; b lr&^sft. 

NV l<Dffi;frWg^<*ft, ^r-^n^;UM2{C«, ^> 
30 I NV2<DtttfjjW££<**^ -*-*:3-fJUM3K: 

tt. I NV3(Dffl^^S^$nri^ 0 *b 

X. I NV1. 1NV2. INV3CDA^tC 

[0 05 8] COcfc^^c^X^AtC^l^r, nV^VtJ* 
COtttf3^E£Vc, A'-yfiJBl©ffl^lE^EL 
^'^T*';B20tH^mE^E2. ^>^^[NV10 
KRftdl, I NV2<D&mm*d 2 V 

i NV3©s:i^^d 3<b-r^<b, cn^cc^ 

40 [0059] 

Vc=El/(dl-d2) =E2/(d2-d3) 
lot. coac*«ar*J:9«:orRH*d 1. d 
2. d3Sr*0®^*Cir. RffM03>f>tlEV c 
£f#£C<h#T#£o $^c. El/(dl-d2) <b 4 
E 2/ ( d 2 - d 3 ) ©im6#^C it, f- 

ubi. Bzrstctevzm&zwM? scim^, 

[0060] *->3^;UMl. M2. M3Q3 

oiU* 4KLhiO"Cfc|nI«<D©J?aiS:tf Hi^t 



(10) 
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coo6i] mmm±m<D$\!M} %.iz. *->x^aic 

it. 2-2<D 3 E—fZT()\,lAl. M2^<D^gttf)#g5£^ 

coo62] rnm&m<D$j)%:} mmmm\mz>mw<D 

"3". 

[0 0 6 3] CW-> = 3.l^-->3>«eATO#Jl-Pffo 
tz. mWlZ, 10<D*B (d^Tti. uffl) <D*8«gSji u 
1 — ls]gT-©¥i$fi (B»Sli£#) i d c iL^rtlVkft 
(Dffcft (5£fiftE!c#) i a c tK^tf-S. £e>lc. 52flSjJ5£ 
»iac KOHTIi. ^r<Dmm I a c T-«f&{fcLjfcW& 

[0064] -r&te-s, 
can 

iac+irfe (1) 
jf <ul«» (2) 

*«1 — **<£<! (3) 

niax(» ac ) - mm(* oe ) (4) 
»'»<=//« (5) 



Jul 



JO 0 6 5] O-P'UT. *->X-5 i A(D«a!imJEE<i:n> 
rr>-y-mJEVc<DK^A'>^^EEV\v^^-r-5. Z\tl 
it. fflmSStCDil*s I a c it. n>5r>tJ-@EEVc^e,^ 

tz. mmz^-f Mzmim^ti^,ms.v vit±m<Dmm 

i a c t— ^(DfiffiH (time os<(>) ~cm&-? 2> <h<£ 
[0 0 6 6] •*-&*>■&'. 

[&2] Vvv=V c -E (6) 
v v =Vwg (0+<f>) (7) 

[0 0 6 7] t-^tBAWoi&3-rMt5flt 

[0 0 6 8] 
[S3] 



H'„ = 6 



,2jr 



(t«e + »dcK <» 



= 6 



if 

2* jy; 

6 Y*>S2"s(0M&+Vd0 



(8) 

(9) 
(10) 

(11) 

(12) 



[0 0 6 9] 

[&4] i e=Wo/E (13) 
£Ub<k0, #ffl3-f;l/SrfiSn-5^ggtSiC (12) , (1 

3) -e*ae)^n-5i ac. i e &mmi,'A3:-zi£tbt>n 

[0 0 7 0] 
[&5] 



W = max(/ Be +i e /3) 



(14) 



mvHzm^zstft**-?, m?smjEE=4 2v^ 

fcHl0 5V, 3>f>tiEVc = 2 1 0 V (g-lSM 
Vc/E = 5, £*:ti:2) . *$cos9 = 0. 8T. 

©Sm^felC «fc 5ii t> Sr^-f. 
(0 0 7 1) CKOfg^Sr. 0 1 6 ~@ 1 8 Ir^-T. Cltl 



max) . m^mmmm^m. ^^mmm±m<o 

?*><DW.ffii&.ft (i e/3) ^LTU5. 
[0 0 7 21 016 tt«£*©a«Nf coffimSSg^tt, El 

i 7 u y y^nm^wx-^m-kmrnrnm^m 
nmm±m. m 1 8 itmm u ^ yjufg^TCDg^tfii 

«<JilS^S (4. 2. 2 gi) P$<D. ffi«fi5t«^ffl*S 

[0 0 7 3] dn£©@±D^TCD£<hriifc>7l>.5. 

[0 0 7 4] • tvg-ftQtt&IZ'b. tt*SS0D±€$«# 

n# iz «t o < l . &&&&& t 3 ammmz 

[0 0 7 5] • mtz. fim&<2gV>lC«fc-5f8mfft©*# 
(0 0 7 6) • Wo = 4 0 kW, 9UZttS&-C&mf£(D 

m±m &snf$.ft. msm&ft) ^Jtu-r-st, 01 6© 



(11) 
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&.mmmx'\t. 1*14 77a (159, 3 1 7 a) . 

017 X'it, 454A (136, 317 A) . 
it. 4 0 2 A (85. 3 1 7 A) "CSS. 

[0 0 7 7] t*9£W(D&*iitS.2>'&&e>mnj5m<Dm. 
mi mi G\Z7fC?2 YDCbJ^SH >A— *©£E3fe<QiI 

«*ffii:-3«.»T. bmws. ai ydcsj^ 

>A'-^IC. i§#St£tX5ffl«Dft i u 1 , i v 1 , 
iwl, iu2, iv2, i vv2«> i e, 

[0 0 7 8] 
[&6] 



3 

»u2r = Adn(0) - t«/3 
W = i4dn(*-y)-i«/3 
t„sr = ,4idn(0-i5)_i e /3 



(IS) 
(16) 

(17) 
(18) 

(19) 
(20) 



*vlr 
\iw7r J 

z*>\z* s (22) , (23) *mx-rz>^ti\z<kK). 

S (21) \t^T<D£?lZ*>m$fr7itlZ>o U£>* 5S 
(2 4) tC^T, id, iqte, d q fiTSt^n^m 



/ 1 
0 
0 

1 

\ o 



0 

1 

0 



ZZLT\ A=l (A) f i e = 3 (A) <hT^^, s£ 
(1 5) - (2 0) (4, 01 9 fc*:U 
H19I4±W^, lul, iu2ft^r©ta*US 

i u 1 £ i u 2 £(D®SS<Dfn#2©S, *S®S££d 
qttS«Lfc»<0dtt«8E i d 1, id2**3KB, q 

mmm \qi. \ q 2^4gs, HKibWHrast i e 

<D3ft<Dl (lffl#) £^LT&£>o 

[0 0 7 9] d^T, U^*>*Ml^£#Afctttt 
Kiql+iq 2 7^-^ h;U^ <5®0?tJ£:# 

T\ iul+i u 2tf±—& h)V2\zmttZ>mTfif&tt 
<hfcl>7t£) . i e^S^£=3>5 :r >it^^nfEn^m«t 
T$>^>o fit, ci<D^<DfflmStO^:#^cDS^:fii(i 
2. 0 0 (A) tffe^o mi 9<DM&<Dz>-*>* ^E—^m 

nmv&mt* a (2 n x'#<^<h^T^^o 

[0 0 8 0] 
[»7] 



(21) 



(COS 



7^ ^2 

cos£ sin 0 
sin 5 008 0 



[0 0 8 1] 
[&8] 

-I 

[ (22) 



i) 

) 



(23) 



1 (0 0) (f ) (0 u) (^) 

(0 0 o\ 
0 0 0 I 
0 0 0 / 



( 0 0 0 \ 
000 
000/ 



u 



n-f )M£g<t. ft&<D7.5'-^OTzi'f ;Ha«<t*«ftfl[€ 
tr*m>5«&) Kte. i§«Stt-5*iiitJi5t (2 5) 





















»t>2r 


/ 





(24) 



~ (3 0) rot*ic»#7l^^n. 
1) <hft-3. 
[0 0 8 2] 



^ (24) teit (3 



(12) 
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[&9] 



i«a,=j4siii(tf + {)-»,/3 
i«ar = Asm[$ + ( - ±1) _ fc / 3 



(25) 
(26) 

(27) 
(28) 
(29) 

(30) 



(') 

I (::)(?) 

( 



( 0 0 0 \ 
0 0 0 
000/ 





A=l (A) % i e = 3 (A) , g = 30° £~?Z>£, 
S(25) - (3 0) tt. ^2 0CDS^W^»o ZL<D£ 

[0 0 8 3] tnt&Bm<D2 YDCpUgSK >K— *<D 

[0 0 84] -r&fo^* ^JSJBffiTWU 0 1 3 CO 2 Y 
DCpJ^SH >A-^l:^hT, ffimSKi u 1, i v 
1, i wl JC*#LBf^<DHa*lD»-r*Cl<tT» 

f IT, 2njrL£HR&*BttSKi u2, 
iv2, i w2^e>JS^-r^>C^^ — &<DtijJj hJV 



. x < 31 > 

Mr 
»t»1r 

[0 0 8 5] ^E-^tti^h;u^^<i^fflmgtco^#$ 

u 1 , ivl, iwl, iu2, i v 2 , i\v2lt 3 
(2 1) <DM&&m&-?Z>&^&&z> 0 Ttet>%. #C3t 
(3 2) ZmStfr d<D5£te. IS 

[0 0 8 6] 



i 
o 

0 

1 

0 



o \ 

0 

1 

0 



i„2 



I 2j4srin(0) \ 
2Xsin(0-^) 



(32) 



(3 2) (DfcjacOff^JcO^>^^4-Trfe0. 2 
0©7'J-/^7^-^fu (0) . f v (0) £igA 
U ^ (3 2) t«|je-r*«k'5«w. RTc0J;-5^+^ 

[0 0 8 7] 
[Si 1] 



(13) 



ftffl 2002-218793 
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PROBLEM TO BE SOLVED: To control an inverter input 
voltage over a wide range and to efficiently drive a 
motor. 

SOLUTION: A DC power supply 40 is connected 
between neutrals of two three-phase coils 24 and 26 of a 
2Y motor 22, which are wound on a same stator and to 
which three-phase AC powers are respectively supplied 
with a phase difference, corresponding to a winding shift 
angle between each other from two inverter circuits 30 
and 32, which have a positive pole bus-bar 34 and a 
negative pole bus-bar 36 in common, and a capacitor 38 
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is connected between the positive pole bus-bar 34 and the negative pole bus-bar 36. By the 
switching control of the inverter circuits 30 and 32, the potential difference between the 
neutrals of the three-phase coils 24 and 26 is made to be smaller or larger than the voltage of 
the DC power supply 40 to charge or discharge the capacitor 38. Wuth such a constitution, an 
inverter input voltage can be regulated over a wide range. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A driving gear characterized by providing the following Two or more polyphase current loads 
which have a coil group An inverter circuit connected to one polyphase current load in these two or 
more polyphase current loads At least one subpower supply connected during the neutral point of a 
different coil group of at least one polyphase current load from a coil group of a polyphase current load 
to which this inverter circuit was connected, and this polyphase current load At least one neutral point 
potential control means which controls potential of the neutral point of a coil group which a polyphase 
current load to which said inverter circuit is not connected among polyphase current loads to which this 
subpower supply was connected has 

[Claim 2] It is the driving gear which is a means equipped with an inverter circuit connected to a 
polyphase current load which said neutral point potential control means requires for this control in 
equipment according to claim 1. 

[Claim 3] It is the driving gear which is the load with which a single electrical machinery and apparatus 
is equipped with said two or more polyphase current loads in equipment according to claim 1 or 2. 
[Claim 4] It is the power output unit in which an output of power is possible. Two star connection coils, 
A positive-electrode bus-bar and a negative-electrode bus-bar are shared. Two inverter circuits which 
can supply polyphase current power to each of said at least two star connection coils, A power output 
unit which outputs power by having the 1st power supply connected to said positive-electrode bus-bar 
and said negative-electrode bus-bar, and the 2nd power supply connected during said two neutral points 
of a star connection coil, and passing current in said two star connection coils. 

[Claim 5] Said 1st power supply is a power output unit according to claim 4 which is the accumulation- 
of-electricity means in which charge and discharge are possible. 

[Claim 6] In equipment according to claim 5 said two inverter circuits It has two or more series 
connection of a top switching element arranged between said positive-electrode bus-bars and negative- 
electrode bus-bars, and a bottom switching element, respectively. It connects with two or more terminals 
of a star connection coil with which a node of a top switching element and a bottom switching element 
corresponds, respectively. A power output unit which controls voltage of said 1st power supply by 
controlling percent modulation which is the ratio of a "on" period of a top switching element and a 
bottom switching element in said two inverter circuits according to an individual, respectively. 
[Claim 7] A power output unit which controls percent modulation in said two inverters in equipment 
according to claim 6 based on the formula Vc=Vb/(dl-d2), respectively when output voltage of Vb and 
said 1st power supply is set [ percent modulation / in / for percent modulation in one side of said two 
inverters / dl and said another side of two inverters ] to Vc for output voltage of d2 and said 2nd power 
supply. 

[Claim 8] A power output unit which amends the above-mentioned formula in consideration of this dead 
time in equipment according to claim 7 about two or more series connection of a top switching element 
in said two inverters, and a bottom switching element in having a dead time which makes all switching 
elements off. 
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[Claim 9] A formula by which amendment was carried out [ above-mentioned ] when said dead time [ as 
opposed to Ts and one period of the subcarrier for a period of a subcarrier which determines an on-off 
period in said two inverters ] was set to Td in equipment according to claim 8 is a power output unit 
which is Vc=Vb/{(dl-Td/Ts) - (d2+Td/Ts)}. 

[Claim 10] It is the power output unit which said two star connection coils are prepared in equipment of 
any one publication of claim 4-9 corresponding to one Rota, and constitutes one motor. 
[Claim 11] phase contrast of each polyphase current power supplied to two star connection coils of said 
motor in equipment according to claim 10 - this - a power output unit which carries out switching 
control of two or more switching elements of said two inverter circuits so that voltage of said 1st power 
supply may be held on aim voltage, while outputting desired torque from this motor as the same as that 
of phase contrast of two star connection coils. 

[Claim 12] It is the power output unit which said two star connection coils are prepared in equipment of 
any one publication of claim 4-9 corresponding to respectively different Rota, and constitutes two 
another motors. 

[Claim 13] A power output unit which carries out switching control of two or more switching elements 
of each of said two inverter circuits so that desired torque may be outputted from two motors, 
respectively and voltage of said 1st power supply may be held on aim voltage in equipment according to 
claim 12. 

[Claim 14] A power output unit which amplitude maximum of current supplied to one star connection 
coil is decreased in equipment according to claim 10, and adds current corresponding to the decrement 
to current supplied to a star connection coil of another side. 

[Claim 15] A power output unit which determines addition to a decrement and another side for said 
amplitude maximum on conditions of not producing fluctuation in an output torque of said motor, in 
equipment according to claim 14. 

[Claim 16] A power output unit which determines addition to a decrement and another side for said 
amplitude maximum on conditions of not generating effect on current which flows during said two 
neutral points of a stellate coil in equipment according to claim 15. 

[Claim 17] It is the control method of a power output unit characterized by providing the following, 
phase contrast of each polyphase current power supplied to two star connection coils of said motor ~ 
this, if it is the same as that of phase contrast of two star connection coils By carrying out switching 
control of two or more switching elements of said two inverter circuits, the potential difference during 
said two neutral points of a star connection coil possible [ accommodation ] both A control method of a 
power output unit which makes the potential difference between said positive-electrode bus-bars and 
said negative-electrode bus-bars the desired potential difference while outputting desired torque from 
this motor A motor which has two star connection coils A positive-electrode bus-bar and a negative- 
electrode bus-bar are shared, and they are two inverter circuits which can supply polyphase current 
power to each of said two star connection coils. An accumulation-of-electricity means connected to said 
positive-electrode bus-bar and said negative-electrode bus-bar A power supply connected during the 
neutral point of two star connection coils of said motor 

[Claim 18] It is the control method of a power output unit characterized by providing the following. By 
making possible switching control of the accommodation of two or more switching elements of each of 
said 1st inverter circuit and said 2nd inverter circuit of the potential difference between the neutral point 
of said 1st motor, and the neutral point of said 2nd motor A control method of a power output unit which 
outputs desired torque from said 2nd motor while outputting desired torque from said 1st motor, and 
makes the potential difference between said positive-electrode bus-bars and said negative-electrode bus- 
bars the desired potential difference The 1st motor which has a star connection coil The 2nd motor 
which has a star connection coil The 1st inverter circuit which can supply polyphase current power to 
said 1st motor A power supply connected at an accumulation-of-electricity means by which a bus-bar of 
positive/negative of this 1st inverter circuit was connected to a bus-bar of positive/negative of the 2nd 
inverter circuit which can supply polyphase current power to said 2nd motor, and said 1st inverter circuit 
as a bus-bar of positive/negative, and the neutral point of said 1st motor and the neutral point of said 2nd 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to a driving gear, a power output 

unit, and its control method. 

[0002] 

[Description of the Prior Art] Conventionally, the thing equipped with the DC power supply connected 
at the capacitor, the positive-electrode bus-bar of an inverter circuit or negative-electrode bus-bar 
connected to the positive-electrode bus-bar and negative-electrode bus-bar of the inverter circuit which 
impresses the three-phase alternating current to a motor as this kind of a power output unit, and the 
neutral point of a motor is proposed (for example, JP,10-337047,A, JP,1 1-1781 14,A, etc.). With this 
equipment, time sharing shall realize actuation operated as a pressure-up chopper circuit which carries 
out the pressure up of the voltage of DC power supply for the circuit which consists of a coil of each 
phase of a motor, and a switching element of an inverter circuit, and charges a capacitor, and actuation 
as which an inverter circuit is operated as an original circuit which drives a motor using the voltage of a 
capacitor, and it shall have charge of a capacitor, and the function of a motor of a drive. 
[0003] 

[Problem(s) to be Solved by the Invention] However, if the breadth of the difference of the voltage of 
the bus-bar of positive/negative seen from the neutral point of a motor is taken into consideration, it is 
necessary by such power output unit to control the input voltage of an inverter circuit, i.e., the voltage 
between terminals of a capacitor, to within the limits from the voltage of DC power supply to the about 
3-time voltage. If the input voltage of an inverter circuit is controllable according to the condition of a 
motor, a motor can be driven efficiently, but if the range is restricted, effectiveness operation of a motor 
will also be restricted. 

[0004] The driving gear, the power output unit, and its control method of this invention set to control the 
input voltage of an inverter circuit in the large range to one of the purposes. Moreover, the power output 
unit and its control method of this invention set to drive a motor more efficiently to one of the purposes. 
[0005] 

[The means for solving a technical problem, and its operation and effect] The driving gear, the power 
output unit, and its control method of this invention took the following means, in order to attain a part of 
above-mentioned purpose [ at least ]. 

[0006] The inverter circuit by which the driving gear of this invention was connected to one polyphase 
current load in two or more polyphase current loads which have a coil group, and these two or more 
polyphase current loads, At least one subpower supply connected during the neutral point of a coil group 
with at least one different polyphase current load from the polyphase current load to which this inverter 
circuit was connected, and this polyphase current load, Let it be a summary to have at least one neutral 
point potential control means which controls the potential of the neutral point of the coil group which 
the polyphase current load to which said inverter circuit is not connected among the polyphase current 
loads to which this subpower supply was connected has. 
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[0007] Although the input voltage of an inverter circuit becomes settled in the driving gear of this this 
invention with the neutral point potential of each coil group to which the subpower supply was 
connected, since the neutral point potential of the coil group of the polyphase current load to which it is 
adjustable and, as for the neutral point potential of the coil group of the polyphase current load to which 
the inverter circuit was connected, the inverter circuit is not connected by the inverter circuit is 
adjustable, it can set up the input voltage of an inverter circuit freely irrespective of the voltage of a 
subpower supply by the neutral point potential control means. 

[0008] In the driving gear of such this invention, said neutral point potential control means shall be a 
means equipped with the inverter circuit connected to the polyphase current load concerning this 
control. 

[0009] Moreover, in the driving gear of this invention, even if said two or more polyphase current loads 
are loads with which a single electrical machinery and apparatus is equipped, they may be loads with 
which two or more electrical machinery and apparatus are equipped. 

[0010] The power output unit of this invention is a power output unit in which the output of power is 
possible, and makes it a summary to have the 1st power supply which shared two star connection coils, 
and positive-electrode bus-bars and negative-electrode bus-bars, and was connected to two inverter 
circuits which can supply polyphase current power to each of said two star connection coils, and said 
positive-electrode bus-bar and said negative-electrode bus-bar, and the 2nd power supply connected 
during said two neutral points of a star connection coil. 

[001 1] In the power output unit of this this invention While performing power transfer with the 1st 
power supply connected to the positive-electrode bus-bar and the negative-electrode bus-bar by 
controlling two inverter circuits which share a positive-electrode bus-bar and a negative-electrode bus- 
bar, and the 2nd power supply connected during the neutral point of two star connection coils of a motor 
By supplying polyphase current power to two star connection coils, while the voltage between a 
positive-electrode bus-bar and a negative-electrode bus-bar is controllable in the large range, the current 
supplied to two star connection coils is controllable. Therefore, the potential difference between a 
positive-electrode bus-bar and a negative-electrode bus-bar, i.e., the input voltage of two inverter 
circuits, can be controlled, and a motor can be driven more efficiently. 

[0012] Here, in the 1st power output unit of this invention, the accumulation-of-electricity means in 
which charge and discharge are possible as said 1st power supply can also be used. When using this 
accumulation-of-electricity means, since the voltage between terminals of an accumulation-of-electricity 
means is controllable, what has a capacity small as an accumulation-of-electricity means can be used. 
[0013] Moreover, said two inverter circuits have two or more series connection of the top switching 
element arranged between said positive-electrode bus-bars and negative-electrode bus-bars, and a 
bottom switching element, respectively. It connects with two or more terminals of the star connection 
coil with which the node of a top switching element and a bottom switching element corresponds, 
respectively. It is suitable to control the voltage of said 1st power supply by controlling the percent 
modulation which is the ratio of the "on" period of a top switching element and a bottom switching 
element in said two inverter circuits according to an individual, respectively. In this case, when output 
voltage of Vb and said 1st power supply is set [ percent modulation / in / for the percent modulation in 
one side of said two inverters / dl and said another side of two inverters ] to Vc for the output voltage of 
d2 and said 2nd power supply, based on the formula Vc=Vb/(dl-d2), the percent modulation in said two 
inverters can be controlled, respectively. The voltage value of the 1st power supply is easily controllable 
by this. 

[0014] Moreover, it is suitable to amend the above-mentioned formula in consideration of this dead time 
about two or more series connection of the top switching element in said two inverters and a bottom 
switching element, in having the dead time which makes all switching elements off. 
[0015] Furthermore, when said dead time [ as opposed to Ts and one period of the subcarrier for the 
period of the subcarrier which determines the on-off period in said two inverters ] is set to Td, it is 
suitable for the formula by which amendment was carried out [ above-mentioned ] that it is Vc=Vb/ 
{(dl -Td/Ts) - (d2+Td/Ts)} . 
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[0016] Moreover, it is suitable for said two star connection coils for it to be prepared corresponding to 
one Rota and to constitute one motor, in this case, the phase contrast of each polyphase current power 
supplied to two star connection coils of said motor — this — while outputting desired torque from this 
motor as the same as that of the phase contrast of two star connection coils, it is good to carry out 
switching control of two or more switching elements of said two inverter circuits so that the voltage of 
said 1st power supply may be held on aim voltage. 

[0017] Moreover, it is also suitable for said two star connection coils for it to be prepared corresponding 
to respectively different Rota, and to constitute two another motors. In this case, it is good to carry out 
switching control of two or more switching elements of each of said two inverter circuits so that desired 
torque may be outputted from two motors, respectively and the voltage of said 1st power supply may be 
held on aim voltage. Moreover, it is suitable to decrease the amplitude maximum of the current supplied 
to one star connection coil, and to add the current corresponding to the decrement to the current supplied 
to the star connection coil of another side. By this, the amplitude maximum of current can be decreased 
and pressure-proofing of an inverter etc. can be made low. 

[0018] Moreover, it is the conditions of not producing fluctuation in the output torque of said motor, and 
it is suitable to determine the addition to a decrement and another side for said amplitude maximum. The 
effect on an output torque can be eliminated by this. 

[0019] Moreover, it is the conditions of not generating effect on the current which flows during said two 
neutral points of a stellate coil, and it is suitable to determine the addition to a decrement and another 
side for said amplitude maximum. By this, it can prevent that a bad influence appears in the armature- 
voltage control of the 1st power supply. 

[0020] In addition, the generator motor which can be generated is also contained in a "motor" in this 
power output unit. 

[0021] The motor with which the control method of the 1st power output unit of this invention has two 
star connection coils, A positive-electrode bus-bar and a negative-electrode bus-bar are shared. Two 
inverter circuits which can supply polyphase current power to each of said two star connection coils, It is 
the control method of a power output unit equipped with the accumulation-of-electricity means 
connected to said positive-electrode bus-bar and said negative-electrode bus-bar, and the power supply 
connected during the neutral point of two star connection coils of said motor, the phase contrast of each 
polyphase current power supplied to two star connection coils of said motor ~ this, if it is the same as 
that of the phase contrast of two star connection coils By carrying out switching control of two or more 
switching elements of said two inverter circuits, the potential difference during said two neutral points of 
a star connection coil possible [ accommodation ] both While outputting desired torque from this motor, 
let it be a summary to make the potential difference between said positive-electrode bus-bars and said 
negative-electrode bus-bars into the desired potential difference. 

[0022] According to the control method of the 1st power output unit of this this invention While 
performing power transfer with the power supply connected during the neutral point of two star 
connection coils connected to the positive-electrode bus-bar and the negative-electrode bus-bar by 
controlling two inverter circuits which share a positive-electrode bus-bar and a negative-electrode bus- 
bar, an accumulation-of-electricity means and a motor By supplying polyphase current power to two star 
connection coils, while the voltage between a positive-electrode bus-bar and a negative-electrode bus- 
bar is controllable in the large range, drive control of the motor can be carried out. Therefore, according 
to the condition of a motor, the potential difference between a positive-electrode bus-bar and a negative- 
electrode bus-bar, i.e., the input voltage of two inverter circuits, can be controlled, and a motor can be 
driven more efficiently. 

[0023] The 1st motor with which the control method of the 2nd power output unit of this invention has a 
star connection coil, The 2nd motor which has a star connection coil, and the 1st inverter circuit which 
can supply polyphase current power to said 1st motor, The bus-bar of the positive/negative of this 1st 
inverter circuit The 2nd inverter circuit which can supply polyphase current power to said 2nd motor as 
a bus-bar of positive/negative, It is the control method of a power output unit equipped with the power 
supply connected at the accumulation-of-electricity means connected to the bus-bar of the 
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positive/negative of said 1st inverter circuit, and the neutral point of said 1st motor and the neutral point 
of said 2nd motor. By making possible switching control of the accommodation of two or more 
switching elements of each of said 1st inverter circuit and said 2nd inverter circuit of the potential 
difference between the neutral point of said 1st motor, and the neutral point of said 2nd motor Let it be a 
summary to output desired torque from said 2nd motor, while outputting desired torque from said 1st 
motor, and to make the potential difference between said positive-electrode bus-bars and said negative- 
electrode bus-bars into the desired potential difference. 

[0024] According to the control method of the 2nd power output unit of this this invention By 
controlling the 1st inverter circuit and 2nd inverter circuit which share a positive-electrode bus-bar and a 
negative-electrode bus-bar By supplying polyphase current power to the 1st motor and 2nd motor, while 
performing power transfer with the power supply connected at the accumulation-of-electricity means 
connected to the positive-electrode bus-bar and the negative-electrode bus-bar, the neutral point of the 
1st motor, and the neutral point of the 2nd motor While the voltage between a positive-electrode bus-bar 
and a negative-electrode bus-bar is controllable in the large range, drive control of the 1st motor and 2nd 
motor can be carried out independently. Therefore, according to the condition of the 1st motor or the 
2nd motor, the potential difference between a positive-electrode bus-bar and a negative-electrode bus- 
bar, i.e., the input voltage of two inverter circuits, can be controlled, and the 1st motor and 2nd motor 
can be driven more efficiently. 
[0025] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained using an 
example. Drawing 1 is the block diagram showing the outline of the configuration of the power output 
unit 20 which is one example of this invention. The double winding motor 22 which has two three phase 
coils 24 and 26 with which Y connection of the power output unit 20 of an example was carried out 
(henceforth 2Y motor), Two inverter circuits 30 and 32 which are respectively connected to two three 
phase coils 24 and 26, and share the positive-electrode bus-bar 34 and the negative-electrode bus-bar 36, 
It has the capacitor 38 connected to the positive-electrode bus-bar 34 and the negative-electrode bus-bar 
36, DC power supply 40 prepared during the neutral point of two three phase coils 24 and 26 of the 2Y 
motor 22, and the electronic control unit 50 which controls the whole equipment. 
[0026] Drawing 2 is explanatory drawing which illustrates the relation of two three phase coils 24 and 
26 of the 2Y motor 22. The 2Y motor 22 consists of Rota where the permanent magnet was stuck on the 
outside surface, and a stator which only the angle alpha shifted two three phase coils 24 and 26 to the 
hand of cut, and was wound so that it might illustrate to drawing 2 , and is carrying out the same 
configuration as the synchronous generator motor in which the usual generation of electrical energy is 
possible except for the point that two three phase coils 24 and 26 are wound. Since only the angle alpha 
has shifted to the hand of cut, the three phase coils 24 and 26 can also consider the 2Y motor 22 to be 
the motor of a six phase. What is necessary is just to control an inverter circuit 32 so that the three-phase 
alternating current in which only the coil gap angle alpha had phase contrast to the three-phase 
alternating current impressed to the three phase coil 24 by the inverter circuit 30 is impressed to the 
three phase coil 26 in order to drive such a 2Y motor 22. In addition, the axis of rotation of the 2Y motor 
22 is the output shaft of the power output unit 20 of an example, and power is outputted from this axis of 
rotation. Since it is constituted as a generator motor as mentioned above, the 2Y motor 22 of an example 
can be generated by the 2Y motor 22, if power is inputted into the axis of rotation of the 2Y motor 22. 
[0027] Both the inverter circuits 30 and 32 are constituted by six diodes Dl 1-D16, and D21-D26. [ six 
transistors Tl 1-T16, T21-T26, and ] Six transistors Tl 1-T16, and two T21-T26 are arranged at a time in 
a pair so that it may become a source and sink side to the positive-electrode bus-bar 34 and the negative- 
electrode bus-bar 36, respectively, and each of the three phase coils 24 and 26 (UVW) of the 2Y motor 
22 is connected at the node. Therefore, if the rate of transistors Tl 1-T16 and the ON time amount of 
T21-T26 of making a pair is controlled by the condition that voltage is acting on the positive-electrode 
bus-bar 34 and the negative-electrode bus-bar 36, with the phase contrast of the coil gap angle alpha, 
rotating magnetic field can be formed with the three phase coils 24 and 26 of the 2Y motor 22, and the 
rotation drive of the 2Y motor 22 can be carried out. 
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[0028] The electronic control unit 50 is constituted as a microprocessor centering on CPU52, and is 
equipped with ROMS 4 which memorized the processing program, RAM56 which memorizes data 
temporarily, and input/output port (not shown). In this electronic control unit 50 The neutral point 
current Io from the current sensor 67 attached at the neutral point of the each phase currents Iul, Ivl, 
Iwl, Iu2, Iv2, and Iw2 from current sensors 61-66 and the 2Y motor 22 which were attached in each 
phase of uvw of the three phase coils 24 and 26 of the 2Y motor 22, The voltage Vc between terminals 
of the capacitor 38 from a voltage sensor 70 attached in the angle of rotation theta and capacitor 38 of a 
rotator of the 2Y motor 22 from the angle-of-rotation sensor 68 attached in the axis of rotation of the 2Y 
motor 22, the command value about the drive of the 2Y motor 22, etc. mind input port. It is inputted. 
Here, any one is respectively good also as a thing of current sensors 61-63 and the current sensors 64-66 
which can omit and uses any one as a sensor only for malfunction detection. Moreover, from the 
electronic control unit 50, the control signal for performing the transistors Tl 1-T16 of inverter circuits 
30 and 32 and switching control of T21-T26 etc. is outputted through the output port. 
[0029] Next, the principle of operation of the power output unit 20 of the example constituted in this 
way is explained. Drawing 3 is explanatory drawing explained to the leakage inductance of u phase of 
the three phase coils 24 and 26 of the 2Y motor 22 paying attention to the neutral point of the three 
phase coil 24, the neutral point of the three phase coil 26, and the flow of the current in the condition 
that the potential difference V012 is smaller than the voltage Vb of DC power supply 40. Now, the 
condition of ON of the transistor T12 of an inverter circuit 30 or the condition of ON of the transistor 
T21 of an inverter circuit 32 is considered in the condition that the potential difference V012 of the 
neutral point of the three phase coil 24 and the neutral point of the three phase coil 26 is smaller than the 
voltage Vb of DC power supply 40. In this case, the short circuit shown by the continuous line arrow 
head is formed into drawing 3 (a) and drawing 3 (b), and u phase of the three phase coils 24 and 26 of 
the 2Y motor 22 functions as a reactor. If the transistor T21 of an inverter circuit 32 is turned off while 
turning off the transistor T12 of an inverter circuit 30 from this condition, the energy stored in u phase 
of the three phase coil which is functioning as a reactor will be stored in a capacitor 38 by the charge 
circuit shown by the drawing 3 (c) solid line arrow head. Therefore, it can be considered that this circuit 
is the capacitor charge circuit which stores the energy of DC power supply 40 in a capacitor 38. Since 
this capacitor charge circuit has the same composition as a pressure-up chopper circuit, it can operate the 
voltage Vc between terminals of a capacitor 38 freely highly from the voltage Vb of DC power supply 
40. Since it can consider that vw phase of the three phase coils 24 and 26 of the 2Y motor 22 as well as 
u phase is a capacitor charge circuit If the potential difference V012 of the neutral point of the three 
phase coil 24 and the neutral point of the three phase coil 26 considers as a condition smaller than the 
voltage Vb of DC power supply 40 A capacitor 38 can be charged by DC power supply 40 by both 
turning on and off the transistors T12, T14, and T16 of an inverter circuit 30, and the transistors T21, 
T23, and T25 of an inverter circuit 32. 

[0030] Drawing 4 is explanatory drawing explained to the leakage inductance of u phase of the three 
phase coils 24 and 26 of the 2Y motor 22 paying attention to the flow of the current in the condition that 
the potential difference V012 of the neutral point of the three phase coil 24 and the neutral point of the 
three phase coil 26 is larger than the voltage Vb of DC power supply 40. Shortly, a transistor T12 has 
[ the transistor Tl 1 of an inverter circuit 30 ] the off transistor T21 of OFF and an inverter circuit 32 at 
ON in the condition that the potential difference V012 of the neutral point of the three phase coil 24 and 
the neutral point of the three phase coil 26 is larger than the voltage Vb of DC power supply 40, and a 
transistor T22 considers the condition of ON. In this case, the charge circuit shown by the continuous 
line arrow head is formed into drawing 4 (a), and DC power supply 40 are charged using the voltage Vc 
between terminals of a capacitor 38. At this time, u phase of the three phase coils 24 and 26 of the 2Y 
motor 22 functions as a reactor like the above-mentioned. If the transistor Tl 1 of an inverter circuit 30 is 
turned off from this condition or the transistor T22 of an inverter circuit 32 is turned off, the energy 
stored in u phase of the three phase coil which is functioning as a reactor will charge DC power supply 
40 by the charge circuit shown by the drawing 4 (b) or drawing 4 (c) solid line arrow head. Therefore, it 
can be considered that this circuit is the DC-power-supply charge circuit which stores the energy of a 
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capacitor 38 in DC power supply 40. Since it can consider that vw phase of the three phase coils 24 and 
26 of the 2Y motor 22 as well as u phase is a DC-power-supply charge circuit, while the potential 
difference V012 of the neutral point of the three phase coil 24 and the neutral point of the three phase 
coil 26 considers as a larger condition than the voltage Vb of DC power supply 40, DC power supply 40 
can be charged by the capacitor 38 by turning on and off the transistors Tl 1-T16 of an inverter circuit 
30, and the transistors T21-T26 of an inverter circuit 32. 

[0031] Thus, since a capacitor 38 can be charged by DC power supply 40 or DC power supply 40 can be 
charged by the capacitor 38 at reverse, the voltage Vc between terminals of a capacitor 38 is controllable 
by the power output unit 20 of an example to a desired value. If the potential difference is produced 
between the terminals of a capacitor 38, since it will be in the condition that the DC power supply by the 
capacitor 38 were connected to the positive-electrode bus-bar 34 and the negative-electrode bus-bar 36 
of inverter circuits 30 and 32 and the voltage Vc between terminals of a capacitor 38 will act as inverter 
input voltage Vi, drive control of the 2Y motor 22 can be carried out by carrying out switching control 
of the transistors Tl 1-T16 of inverter circuits 30 and 32, and T21-T26. At this time While being able to 
set up freely the potentials Vul, Vvl, and Vwl of each phase of the three-phase alternating current 
impressed to the three phase coil 24 within the limits of the inverter input voltage Vi by the switching 
control of the transistors Tl 1-T16 of an inverter circuit 30 Since the potentials Vu2, Vv2, and Vw2 of 
each phase of the three-phase alternating current impressed to the three phase coil 26 can also be freely 
set up within the limits of the inverter input voltage Vi by the switching control of the transistors T21- 
T26 of an inverter circuit 32 The potential V01 of the neutral point of the three phase coil 24 of the 2Y 
motor 22 and the potential V02 of the neutral point of the three phase coil 26 can be operated freely. A 
wave-like ( drawing 5 (b)) example of the wave ( drawing 5 (a)) of the potentials Vul, Vvl, and Vwl of 
each phase of the three phase coil 24 when operating it so that the difference of the potential V01 of the 
neutral point of the three phase coil 24 and the potential V02 of the neutral point of the three phase coil 
26 may serve as the voltage Vb of DC power supply 40 at drawing 5 , and the potentials Vu2, Vv2, and 
Vw2 of each phase of the three phase coil 26 is shown, alpha is the phase contrast based on the coil gap 
angle mentioned above among drawing, and Vx is the median (Vi/2) of the inverter input voltage Vi. 
Therefore, it is operated so that the potential difference V012 during the neutral point of the three phase 
coils 24 and 26 of the 2Y motor 22 may become lower than the voltage Vb of DC power supply 40, and 
it can be operated so that the potential difference V012 during the neutral point of the three phase coils 
24 and 26 may become higher than the voltage Vb of DC power supply 40 at reverse, and a capacitor 38 
can be charged or DC power supply 40 can be charged. The charging current of a capacitor 38 and the 
charging current of DC power supply 40 are controllable by going up and down the potential difference 
V01 2 during the neutral point of the three phase coils 24 and 26. 

[0032] Next, drive control of the power output unit 20 of an example is explained. Drawing 6 is the 
block diagram showing the drive control performed with the electronic control unit 50 of the power 
output unit 20 of an example as control block. The current transducer Ml which carries out three phase 
two phase conversion of current sensors 61-63 and the motor line currents Iul, Ivl, Iwl, Iu2, Iv2, and 
Iw2 detected by 64-66 using the angle of rotation theta of the rotator of the 2Y motor 22 detected by the 
angle-of-rotation sensor 68 so that it may illustrate, The subtracter M2 which calculates the deflection 
delta Id and delta Iq with the current Id and Iq in which three phase two phase conversion was carried 
out by the current transducer Ml from current command value Id* inputted as one of the command 
values about the drive of the 2Y motor 22, and Iq*, The PI control section M3 which calculates the 
control input for motor current adjustment using PI gain to deflection delta Id and delta Iq, The speed- 
electromotive-force prediction operation part M5 which calculates the forecast of speed electromotive 
force based on the rotational speed calculated by the rotational-speed operation part M4 using the angle 
of rotation theta of the rotator of the 2Y motor 22 detected by the angle-of-rotation sensor 68, The adder 
M6 which adds the forecast of the speed electromotive force calculated by this speed-electromotive- 
force prediction operation part M5, and the control input for motor current adjustment calculated in the 
PI control section M3, and calculates the voltage control inputs Vd and Vq, The two phase three phase 
transducer M7 which carries out two phase three phase conversion of the voltage control inputs Vd and 
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Vq using the angle of rotation theta of a rotator, The subtracter M8 which calculates deflection deltaVc 
of capacitor voltage command value Vc* inputted as one of the command values about the drive of the 
2Y motor 22, and the voltage Vc between terminals of the capacitor 38 detected by the voltage sensor 
70, The PI control section M9 which calculates the cell current control input for capacitor voltage 
adjustment using PI gain to deflection delta Vc, The rotational speed calculated by the rotational-speed 
operation part M4, and the cell current prediction operation part M10 which calculates the forecast of 
cell current based on current command value Id* and Iq*, The adder subtracter Ml 1 which subtracts the 
cell current lb detected by the current sensor 67 from this added thing while adding the forecast of the 
cell current calculated by this cell current prediction operation part M10, and the cell current control 
input calculated by the PI control section M9, The PI control section Ml 2 which sets up the potential 
difference V012 during the neutral point of the three phase coils 24 and 26 for using PI gain for an 
output from an adder subtracter Mil, and adjusting cell current, It has the adder M13 which adds the 
potential difference V012 during this neutral point, and each phase potentials Vul, Vvl, Vwl, Vu2, 
Vv2, and Vw2 obtained by the two phase three phase transducer M7, and acquires a modulating signal, 
and the PWM operation part Ml 4 which calculates an PWM signal for a modulating signal using a 
subcarrier. In addition, control block indicated the block over the three phase coil 24, and the block over 
the three phase coil 26 as the same block. The two phase three phase transducer M7 and the current 
transducer Ml 4 are the same as that of the usual motor control except for the point respectively 
processed with the phase contrast which is equivalent to the coil gap angle alpha to the point and the 
three phase coil 24 adding the potential difference V012 during the neutral point, and the three phase 
coil 26 from the current transducer Ml. By adding the potential difference V012 during the neutral point 
calculated by the PI control section Ml 2 from a subtracter M8 to each phase potentials Vul, Vvl, Vwl, 
Vu2, Vv2, and Vw2 obtained by the two phase three phase transducer M7, and calculating an PWM 
signal It can consider as the wave offset from Median Vx so that the three-phase alternating current 
impressed to the three phase coils 24 and 26 so that current may be passed to DC power supply 40 and 
the voltage Vc of the capacitor 38 as inverter input voltage Vi may be held at command value Vc* might 
be illustrated to drawing 5 . 

[0033] Here, if the phase angle by the side of the three phase coil 26 to the three phase coil 24 side of the 
subcarrier used by the PWM operation part M14 is changed, a motor line current ripple will change. An 
example of the simulation result ( drawing 7 (b)) of the current ripple at the time of 180 degrees is 
shown for the simulation result ( drawing 7 (a)) and subcarrier phase angle of a current ripple when 
making a subcarrier phase angle into 0 times at drawing 7 on the conditions which set 100V and the coil 
gap angle alpha current command value Id* 30 degrees, and set [ frequency the voltage Vc of 100Hz 
and a capacitor 38 ] Iq* to OA for the voltage Vb of 400V and DC power supply 40 respectively. As for 
a current ripple, the direction which made the subcarrier phase angle 0 times becomes small so that it 
may illustrate. 

[0034] According to the power output unit 20 of an example explained above, while connecting DC 
power supply 40 during the neutral point of the three phase coils 24 and 26 of the 2Y motor 22, the 
voltage Vc between terminals of the capacitor 38 as inverter input voltage Vi is freely controllable by 
adjusting the potential difference V012 during the neutral point of the three phase coils 24 and 26. 
Therefore, since the inverter input voltage Vi can be freely adjusted based on the drive condition of the 
2Y motor 22, as compared with the case where it is fixed to the case where the inverter input voltage Vi 
is restricted within the limits of predetermined, or predetermined voltage, the 2 Y motor 22 can be driven 
efficiently. And since the voltage Vb of DC power supply 40 can be chosen freely, flexibility of the 
layout to DC power supply 40 can be enlarged remarkable. 

[0035] Although drive control of the 2Y motor 22 which has the three phase coil 24 and the three phase 
coil 26 shall be carried out in the power output unit 20 of an example, as shown in power output unit 
20B of the modification of drawing 8 , it is good also as what carries out drive control of 1st motor 22 A 
which has three phase coil 24B, and the 2nd motor 22B which has three phase coil 26B. In this case, 
what is necessary is to form the angle-of-rotation sensors 68A and 68B which detect angle-of-rotation 
thetaa of each rotator, and thetab in 1st motor 22 A and 2nd motor 22B, to control the three-phase 
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alternating current impressed to 1st motor 22A by the inverter circuit 30 based on angle-of-rotation 
thetaa from angle-of-rotation sensor 68A, and just to control the three-phase alternating current 
impressed to 2nd motor 22B by the inverter circuit 32 based on angle-of-rotation thetab from angle-of- 
rotation sensor 68B. By such control, drive control of 1st motor 22A and the 2nd motor 22B can be 
completely carried out independently. In addition, in power output unit 20B of this modification, it will 
have two output shafts, the axis of rotation of 1st motor 22 A, and the axis of rotation of 2nd motor 22B. 
[0036] In power output unit 20B of the power output unit 20 of an example, or a modification, although 
a capacitor 38 shall be connected to the positive-electrode bus-bar 34 and the negative-electrode bus-bar 
36, it is good also as what replaces with a capacitor 38 and connects DC power supply. 
[0037] Although a capacitor 38 shall be connected to the positive-electrode bus-bar 34 and the negative- 
electrode bus-bar 36 in the power output unit 20 of an example, while connecting capacitor 38calcium at 
the positive-electrode bus-bar 34 and the neutral point of the three phase coil 24 so that it may illustrate 
to power output unit 20C of the modification of drawing 9 , it is good also as what connects capacitor 
38Cb to the neutral point and the negative-electrode bus-bar 36 of the three phase coil 26. If it carries 
out like this, pressure-proofing of capacitor 38calcium and 38Cb can be made low. moreover, while 
connecting capacitor 38Da at the positive-electrode bus-bar 34 and the neutral point of the three phase 
coil 24 so that it may illustrate to power output unit 20D of the modification of drawing 10 , shall 
connect capacitor 38Db to the neutral point and the negative-electrode bus-bar 36 of the three phase coil 
24, or While connecting capacitor 38Ea at the positive-electrode bus-bar 34 and the neutral point of the 
three phase coil 26 so that it may illustrate to power output unit 20E of the modification of drawing 1 1 , 
it is good also as what connects capacitor 38Eb to the neutral point and the negative-electrode bus-bar 
36 of the three phase coil 26. It is good also as what may form a potential difference sensor in the 
positive-electrode bus-bar 34 and the negative-electrode bus-bar 36, may detect the potential difference 
between both bus-bars in the power output units 20C, 20D, and 20E of these modifications, and detects 
the potential difference of each capacitor. 

[0038] Although DC power supply 40 shall be connected in the power output unit 20 of an example 
during the neutral point of two three phase coils 24 and 26 in which an electric power supply is carried 
out by two inverter circuits 30 and 32 So that it may illustrate to power output unit 20F of the 
modification of drawing 12 three or more inverter circuits 30a, 30b, and 30c - three or more three phase 
coils 24a, 24b, and 24c in which an electric power supply is carried out by ... between each neutral point 
of ... DC power supplies 40a, 40b, and 40c - it is good also as what is connected to a serial by ... 
[0039] Although DC power supply 40 shall be connected during the two neutral points of the three 
phase coils 24 and 26 in the power output unit 20 of an example, it is good also as what is not restricted 
to a three phase but comiects DC power supply during the neutral point of a polyphase current coil. 
[0040] Although the power output unit 20 of an example explained as a power output unit equipped with 
a double winding motor, if the input voltage of an inverter circuit is controlled to adjustable, of course, it 
is applicable also to the equipment which does not output power. 

[0041] "the capacitor armature-voltage control in 2YDC" ~ as mentioned above, with this operation 
gestalt, DC power supply have been arranged during the two neutral points of a polyphase coil, and the 
capacitor voltage which is the power supply of two inverters was controlled by controlling switching of 
the inverter which controls the electric power supply to two polyphase coils. 
[0042] Here, if the interior of an inverter is omitted and 2YDC system of this operation gestalt is 
rewritten, it can express like drawing 13 . 

[0043] That is, the end of Capacitor C is connected to the power supply (for example, ground) of fixed 
voltage. And the both ends of this capacitor C are connected to the inverter INV1 and the inverter INV2, 
respectively. That is, the output of Capacitor C is inputted into inverters INV1 and INV2 as a power 
supply. 

[0044] An inverter INV1 has the outputs Ul, VI, and Wl of a three phase circuit, and the coil of the 
three phase circuit of U, V, and W of the motor coil Ml is connected here, respectively. Moreover, an 
inverter INV2 has the outputs U2, V2, and W2 of a three phase circuit, and the coil of the three phase 
circuit of U, V, and W of the motor coil M2 is connected here, respectively. 
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[0045] Here, although the motor coils Ml and M2 are shown separately, it is the coil of one motor, and 
it is arranged so that only predetermined angles may differ on a motor in the usual case, and the current 
of the phase from which only the predetermined angle differs is supplied. By this, both current supplied 
to both the motor coils Ml and M2 functions as motorised current. 

[0046] Common connection of each phase motor coil of the motor coils Ml and M2 is made in the 
neutral point, and the neutral points of the motor coils Ml and M2 are connected through Battery B. In 
this example, the positive electrode of Battery B is connected at the neutral point of the motor coil Ml, 
and the negative electrode of Battery B is connected at the neutral point of the motor coil M2. 
[0047] In addition, although illustration was omitted, inverters INV1 and INV2 have three arms which 
consist of series connection of two switching transistors arranged between the 1st power supply p and 
the 2nd power supply m (the 1st power supply p grounds in the example of illustration), respectively, 
and the middle point of these arms is connected to each phase end winding. 

[0048] Therefore, by controlling turning on and off of the switching transistor in inverters INV [ INV1 
and ] 2, desired current can be supplied to the motor coils Ml and M2 from Capacitor C, and these can 
be driven. Furthermore, current other than the phase current for motorised [ which goes in and out from 
the neutral point in the motor coils Ml and M2 ] (zero phase current) is controlled by distinguishing 
between the length of the "on" period of the top transistor in inverters INV1 and INV2, and the "on" 
period of a bottom transistor. 

[0049] Here, with this operation gestalt, inverters INV1 and INV2 drive by using both-ends voltage 
(output voltage) Vc of one capacitor C as a power supply. And the both-ends voltage (output voltage) E 
of Battery B is not changed fundamentally. Then, the middle point potential of the motor coils Ml and 
M2 can be set as arbitration by controlling the zero phase current, maintaining the difference only for 
voltage of Battery B. 

[0050] As shown in drawing 13 , the voltage of the 1st power supply p the voltage of**** and the 2nd 
power supply m In addition, Vm, The output current of Capacitor C ic and the both-ends voltage of 
Capacitor C Vc (=|Vm-****|), For the current from the 1st power supply p of an inverter INV1, ipl and 
the current from the 2nd power supply m of an inverter INV1 are [ ip2 and the current from the 2nd 
power supply m of an inverter INV2 of iml and the current from the 1st power supply p of an inverter 
INV2 ] im2. Moreover, they are [ coil / Ml / motor ] the u phase current iu2, the v phase current iv2, the 
w phase current iw2, u **** voltage Vu2, v **** voltage Vv2, and w **** voltage Vw2 about the u 
phase current iul, the v phase current ivl, the w phase current iwl, u **** voltage Vul, v **** voltage 
Vvl, w **** voltage Vwl, and the motor coil M2. For the neutral point voltage of the motor coil Ml, 
the neutral point voltage of Vzl and the motor coil M2 is [ E and the zero phase current of Vz2 and 
battery B voltage ] ie(s). 

[0051] In this system, especially the relation of the neutral point potentials Vzl and Vz2 of the motor 
coils Ml and M2 and the supply voltage Vc of inverters INV1 and INV2, i.e., the output voltage of 
Capacitor C, becomes settled in the ratio of the "on" period of the top transistor in inverters INV1 and 
INV2, and a bottom transistor, and the potential difference during the two neutral points of the motor 
coils Ml and M2 is the battery B voltage E (=|Vzl-Vz2|). Therefore, the both-ends voltage of Capacitor 
C will be determined by the ratio (percent modulation) of the "on" period of the top transistor of 
inverters INV1 and INV2, and a bottom transistor. 

[0052] Moreover, inverters INV1 and INV2 control the neutral point potentials Vzl and Vz2 of the 
motor coils Ml and M2 by carrying out PWM control of the internal switching transistor. Here, the ratio 
(percent modulation) of the "on" period of a top transistor and a bottom transistor "on" period is the rate 
of the amplitude of a voltage command value to a round term of the subcarrier which is a triangular 
wave, as shown in drawing 14 (a) and 14 (b). That is, if a voltage command value is made high, the 
period when a triangular wave exceeds a command value so much will decrease. And the ratio (namely, 
percent modulation) of the "on" period of a vertical transistor is determined by making into the "on" 
period of the top transistor of each phase, and the "off period of a bottom transistor the period when a 
triangular wave exceeds a command value. The percent modulation dl of an inverter INV1 is shown in 
drawing 14 (a), and the percent modulation d2 of an inverter INV2 is shown in drawing 14 (b). 
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[0053] Thus, neutral point potential is determined by percent modulation and the ratio of this neutral 
point potential and capacitor voltage is determined by percent modulation. Furthermore, the potential 
difference of two neutral point potentials is the voltage E of Battery B. Therefore, the following relation 
between the capacitor voltage Vc is with percent modulation. 
[0054] Vc=E/(dl-d2) 

Then, the capacitor voltage Vc can be determined by controlling the percent modulation of both the 
inverters INV1 and INV2. 

[0055] In addition, in the above-mentioned example, the switching transistor was turned on and off as 
the dish for the dead time to the subcarrier period Ts of an inverter, namely, — the case of 50% of duty 
ratio - a vertical transistor — 50% — it was made to carry out period ON. However, in order to abolish 
the penetration current in a switching period completely, the DETTO time Td which turns off a vertical 
transistor both is formed in many cases. In this case, an above-mentioned formula is rewritten as follows 
and applied. 

[0056] Vc=E/{(dl-Td^s)-(d2+Td/Ts)} 

Thus, when preparing a DETTO time, the capacitor voltage Vc can be determined by controlling percent 
modulation dl and d2. 

[0057] Furthermore, the modification of further others is shown in drawing 1 5 . In this example, it has 
three, Ml, M2, and M3, as a motor coil. And between the neutral points of the motor coils Ml and M2 
is connected with a battery Bl, and between the neutral points of the motor coils M2 and M3 is 
connected by battery B-2. Moreover, the output of an inverter INV1 is connected to the motor coil Ml, 
the output of an inverter INV2 is connected to the motor coil M2, and the output of an inverter INV3 is 
connected to the motor coil M3. And the both ends of Capacitor C are connected to the input of inverters 
INV1,INV2, and INV3. 

[0058] such a system - setting ~ the output voltage of Capacitor C - when percent modulation of d2 
and an inverter INV3 is set [ the output voltage of Vc and a battery Bl / the output voltage of El and 
battery B-2 / the percent modulation of E2 and an inverter INV1 ] to d3 for the percent modulation of dl 
and an inverter INV2, there is the following relation to these. 
[0059] 

Vc=El/(dl-d2)-E2/(d2-d3) 

Therefore, the desired capacitor voltage Vc can be obtained by controlling percent modulation dl, d2, 
and d3, as this formula is satisfied. Moreover, the charge between a battery Bl and B-2 can be conveyed 
by changing the value of El/(dl-d2) and E2/(d2-d3). 

[0060] In addition, although carried out to three of the motor coils Ml, M2, and M3, control same also 
as four or more can be performed. Moreover, two or more motor coils may constitute one motor, or may 
constitute two or more motors. 

[0061] "Control of amplitude maximum", next control of the current amplitude maximum in this system 
are explained. This is attained by changing distribution of the current to two motor coils Ml and M2. 
[0062] Before explaining the example of control concerning an "effect of operation gestalt" operation 
gestalt, a simulation shows the relation between a motor output and the phase current, and the current 
reduction effect of this invention is shown. 

[0063] The following procedures performed this simulation. First, the phase current iul of one phase 
(here u phase) is divided into the average (dc component) idc in one revolution, and the other component 
(alternating current component) iac. Furthermore, about the alternating current component iac, the 
function g (theta) standardized with the amplitude Iac is introduced. 
[0064] Namely, [Equation 1] 
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iul = iae + idc (1) 

idc = jf"*** < 2 > 
iac - iul -idc (3) 
lac - max(i ac ) - nun(i AC ) (4) 

?(*) = W/ac (5) 
It carries out. 

[0065] It continues and voltage Vw is defined from the relation between the cell voltage E of this 
system, and the capacitor voltage Vc. This is because the voltage on which the amplitude lac of the 
phase current subtracted cell voltage E from the capacitor voltage Vc becomes maximum. Moreover, it 
is assumed that the voltage w impressed to each coil at coincidence changes by above-mentioned 
current iac and fixed phase contrast (power-factor cosphi). 
[0066] Namely, [Equation 2] Vw=Vc-E (6) 
w=Vwg (theta+phi) (7) 
It carries out. 

[0067] Moreover, since six coils have the relation with the work which each coil considers as the motor 
output Wo, it can arrange like a degree type. 
[0068] 
[Equation 3] 

W ° = + (8) 

" 6 {h/ 0 ^ v *>9(9+4)<» + 0^ (10) 
1 f 2 * 

= 6 2^ IacVw J 0 9W9V+t)M (11) 

6 VvjFgmgifi+QdB (12) 



Moreover, it can be approximated with Wo=ieE under the condition that a motor output has fully small 

loss. A degree type is obtained from the relation of this. 

[0069] 

[Equation 4] ie=Wo/E (13) 

As mentioned above, the current which flows each phase coil uses Iac and ie which are calculated by the 
formula (12) and (13), and is searched for by the degree type. However, the amount of [ of ie ] ripple is 
not taking into consideration. 
[0070] 
[Equation 5] 

imax = max (/«: + i 0 /3) ( 14) 

Next, the conditions used for analysis are shown. Cell voltage E=42V or 105V, capacitor voltage 
Vc=210V (rate Vc/Eof pressure up = 5 or 2), and power-factor costheta=0.8 show the difference arising 
from the energization method of the maximum of the magnitude of the alternating current amplitude to 
the motor output Wo. 

[0071] This result is shown in drawing 16 - drawing 18 . These drawings show the difference in the 
phase current maximum by the difference in the rate of a pressure up, phase current maximum (imax) 
and a continuous line show phase current maximum, and the dashed line shows [ the horizontal axis / the 



http ://www4 . ipdl j po . go .j p/cgi-bin/fran_web_cgi_ej j e 



3/4/2004 



Page 12 of 20 



motor output and the axis of ordinate ] the dc component of the phase current maximums (ie/3). 
[0072] The phase current maximum at the time of energization of the former [ drawing 16 ] and drawing 
17 show the phase current maximum at the time of the maximum control energization by 0 phase ripple 
non-permissive conditions, and drawing 18 shows the phase current maximum at the time of the 
maximum control energization method (4.2.2 knots) in 0 phase ripple permissive conditions. 
[0073] These drawings show the following things. 

[0074] - In any case, the magnitude of the phase current has the large ratio of the dc component which 
changes with the rates of a pressure up a lot, and the one where the rate of a pressure up is higher 
occupies at the phase current. 

[0075] - The depressor effect of the magnitude of the phase current by the difference in the electrization 
can be checked again. 

[0076] - Wo=40kW and a pressure-up ratio - when 5 times compare the maximum (an alternating 
current component, dc component) of phase voltage, in the conventional energization of drawing 16 , it 
is [ at maximum 477A (159,3 17 A) and drawing 17 ] 402A (85,3 17A) in 454A (136,317A) and drawing 
18. 

[0077] The conventional energization method of the 2YDC(s) adjustable mold inverter shown in 
"explanation of conventional energization method which is to base of this invention" drawing 16 is 
explained. The phase currents iul, ivl, iwl, iu2, iv2, and iw2 usually passed have ie and the alternating 
current amplitude expressed with A and the Rota rotational frequency by the 2YDC(s) adjustable mold 
inverter shown in drawing 13 , and an angle of rotation is expressed with omega, theta (theta=omegat), 
then a degree type in the zero phase current, respectively. 
[0078] 
[Equation 6] 
i«ir = 4siii(0)+iV3 



W-^8in(0-.^) + £ e / 3 



(15) 



+ (16) 
iwir « A an{9 - y ) + U/3 (17) 

(18) 



it** -Asm(6) 
it*r = 4sin(0~y)--i c /3 

<«ar-4flin(*-i?)-j„/3 



g-;-V3 (19) 

3-)-V3 (20) 



Here, when A=1(A) ie=3(A), formula (15) - (20) has the relation of drawing 19 . however, drawing 19 - 
iul and iu2 from an upper case - the 4th step and the last stage have shown [ the 1st step and the d shaft 
currents idl and id2 after the sum of the current of iul and iu2 carries out / each current / dq shaft 
conversion of the 2nd step and the phase current / the 3rd step and the q shaft currents iql and iq2 ] 1 
(part for plane l)/3 of the zero phase current ie. 

[0079] Here, if reluctance torque is not considered, they are the current component (in this case, since 
the magnet location is not put into analysis, iul+iu2 can say it also as the current component which 
contributes to motor torque) which iql+iq2 contributes to motor torque, and current on which ie flows 
between a cell and a capacitor. And the maximum of the magnitude of the phase current at this time is 
2.00 (A). The conditions of the current for generating motor driving torque among the relation of 
drawing 19 and the current between a cell and a capacitor can be written by the formula (21). 
[0080] 
[Equation 7] 
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(21) 



Furthermore, by introducing a formula (22) and (23), also as follows, a formula (21) is written and can 
return. In addition, in a formula (24), id and iq are the current components expressed with dq shaft, and 
become constant here. 
[0081] 
[Equation 8] 



U 




T(6) 

( 0 0 
V 1° o 



\ — si: 

)(?) (::) U)J 

(0 0 
0 o 
0 0 



(22) 



(23) 




U 



1 




(24) 



id 
*'« 



When phase contrast is between the coils of a motor, the current to energize (when the coil location of a 
certain star and the coil location of other stars have shifted at the angle xi) is rewritten like formula (25) 
- (30), and a formula (24) turns into a formula (31). 
[0082] 
[Equation 9] 
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!„,.. = ^ain(<?-^) + i,/3 



T(0) 



k (o o) 



C) 




(25) 
(26) 

(27) 
(28) 
(29) 

(30) 



T(* + 0 
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f iuir y 








itolr 




*xOr 






/ 





(31) 



When A=1(A) ie=3(A) and xi= 30 degrees, formula (25) - (30) has the relation of drawing 20 . Thus, 
also when the phase contrast of a coil is taken into consideration, it turns out that there is the same 
relation as drawing 19 . 

[0083] The maximum of the phase current is controlled with the operation gestalt of "explanation of 
2YDC(s) adjustable mold inverter of operation gestalt" drawing 17 , without permitting generating of 
the ripple in the zero phase current. 

[0084] That is, with this operation gestalt, a peak swing is controlled in the 2YDC(s) adjustable mold 
inverter of drawing 13 by adding a predetermined function to the phase currents iul, ivl, and iwl. And 
the peak swing of current is controlled by subtracting the added function from the phase currents iu2, 
iv2, and iw2, without fluctuating the output torque of a motor. Moreover, the ripple of the zero phase 
current is not permitted with this operation gestalt. 

[0085] In order to decrease the current amplitude, without changing the magnitude of a motor output 
torque and the zero phase current, the phase currents iul, ivl, iwl, iu2, iv2, and iw2 need to satisfy the 
relation of a formula (21). That is, it is necessary to satisfy a degree type (32). The sum of the current of 
the phase to which each star corresponds is a sine wave, and this formula means that it is equal to that 
into which total of the current of each phase in each star changed the sign of the value of the zero phase 
current, or the value of the zero phase current. 



[0086] 






[Equation 10] 
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J 



(32) 



The rank of the matrix of the left part of a formula (32) is 4 here, two free parameters fu (theta) and fv 
(theta) can be introduced, and it can rewrite to the following sufficient condition so that a formula (32) 
may be satisfied. 
[0087] 
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[Equation 11] 
i«i»i4ainW + l./3 + / tt (tf) 



(33) 



<rt - ^sin(^ - — ) + i e /3 + f v (0) 



(34) 



itul = i4sin(d -y) + ie/3 + /„(*) 
t„ 2 = 4sin(0) - i e /3 - f u (6) 



(35) 
(36) 
(37) 



i, 3 -;4sin(*- — )-i e / 3 -/„(*) 
««3 = ilaln(fl^^)-i e /3^/ w (ff) 



(38) 
(39) 



Jo 



(40) 



(41) 




(42) 



Here, fu (theta), fV (theta), and fw (theta) are the parameters (flexibility is 2) which can be used for 
layout. 

[0088] Therefore, the phase currents iul, ivl, iwl, iu2, iv2, and iw2 can be fluctuated by giving fu 
(theta), fV (theta), and fw (theta) (flexibility being 2) which fill formula (33) - (42), without fluctuating 
an output torque and the zero phase current. And the desired end can be attained by choosing fu (theta), 
fv (theta), and fw (theta) so that the peak swing of the phase currents iul, ivl, iwl, iu2, iv2, and iw2 
may be decreased. 

[0089] With the operation gestalt of drawing 18 , conditions are eased, generating of the ripple in the 
zero phase current is permitted, and the maximum of the phase current is controlled. In this case, the 
conditions of a formula (39) can be removed. Therefore, the flexibility in the case of choosing fu (theta), 
fv (theta), and fw (theta) spreads. And it becomes possible to make maximum of the phase current 
smaller. 

[0090] Moreover, in above-mentioned explanation, it was premised on that there is no phase contrast 
between two motor coils Ml and M2. In fact, phase contrast is given and arranged between coils in 
many cases. In this case, the effect of having given phase contrast is eliminated by giving the phase 
contrast corresponding to coil current. 

[0091] In having phase contrast xi between the coils of such each star, a formula (31) serves as 
conditions which change to a formula (21). That is, in order to decrease the current amplitude, without 
changing the magnitude of motor generating torque or the zero phase current, the phase currents iul, 
ivl, iwl, iu2, iv2, and iw2 need to satisfy a formula (43). This formula means that the sum of dq shaft 
current to which each star corresponds is fixed, and it is equal to that into which total of the current of 
each phase in each star changed the sign of the value of the zero phase current, or the value of the zero 
phase current. 
[0092] 

[Equation 12] 
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(43) 



Here, the following results as well as [ as one of the solutions which fills a formula (43) ] the above- 
mentioned case are drawn. 
[0093] 

[Equation 13] 

iui - Aam($) + i,/3 + / u ( 6 ) (44) 

ivi - ^ sin(0 - —) + i,/ 3 + ( 0) (45) 

*_i - ^ sin(0 - y ) + k/3 + f u y) <46) 

^-Xsin^ + O-t'e/S + M^) (47) 

»«* - ^s5n(0 + £ - ^) - i e / 3 + h v (e) (48) 

* u a = i48in(^ + ^-~)-i e /3 + AlffW (49) 

/«W + /»W+/«W-0 (50) 

M*) + M*) + M*)=o (51) 



Here, fa (theta), fv (theta), fw (theta), hu (theta), hv (theta), and hw (theta) are the parameters which can 
be used for layout. Furthermore, the function of a formula (33) and (42) fills a formula (44) and (59) at 
the time of xi= 0 degree. 

[0094] And the phase currents iul, ivl, iwl, iu2, iv2, and iw2 can be fluctuated by giving fu (theta), fv 
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/«(«) = 



(60) 



(theta), fw (theta), hu (theta), hv (theta), and hw (theta) which fill formula (44) - (59), without 
fluctuating an output torque and the zero phase current. Furthermore, the desired end can be attained by 
making fu (theta), fv (theta), fw (theta), hu (theta), hv (theta), and hw (theta) into the form which can 
control the maximum of the phase currents iul, ivl, iwl, iu2, iv2, and iw2. 

[0095] Moreover, if conditions are eased and the zero phase current is allowed a ripple current, instead 
of the conditions of a formula (50) and (51), fu+fv+fw+hu+hv+hw=0 will become conditions. 
[0096] The energization method of being satisfied with xi= 0 degree of phase contrast between "example 
when not allowing the zero phase current ripple" coils of above-mentioned conditions is acquired by 
setting up fu (theta), fv (theta), and fw (theta) like formula (60) - (62). In addition, gl of a formula is the 
constant put in in order to fulfill the conditions of formula (40) - (42), and is g 1=0. 867 in this case. 
[0097] 

[Equation 14] 

' -0.5.4 (dn(« 

A(s>n(6)- gi ) 
-0.5/1 (sinp-f)-^) 
-0.5A(t&n(e-2%)- gi ) 

,4(sin(6l-3£)-<fc) 
-0.5.4 ( S in(*-42ji)- fll ) 

A (sia{$ 

-0.5,4 (dn(tf) - 3l ) 
-0.5.4 (sin(0-$)- ffl ) 

il(sin(0-22p)- 9l ) 
-Q.$A{ S m{0-3%)- gi ) 
-0.5X(sin(ff-4^)- ffl ) 

-O.5v4(sin(0+^)-0!) 
-0.5/1 (sin(tf) - gi ) 
A{sin(0-2g.)- gi ) 
-0.5/1 (sin(0-2^)- ffl ) 
-0.5j4(sin(*-3^)- ffl ) 
A(sm{6-4%)- gi ) 



(o<*<£) 

{2%<6< 3^) 
(3f <5<4^) 
(4^<0<5f ) 
(5f <0<6%) 

(£<*<2f) 
(2£<<?< 3 2?) 
(3^<*<4£) 



(61) 



U(9) 



{^<e< 5^) 

(5^<«<6f ) 
(0<0<%) 

(^?<*<5$) 
(5^<0<6£) 



(62) 



The wave of fu (theta) is shown in drawing 21 and drawing 22 about the case of A=1(A) ie=3(A) as 
compared with iul. The thing and drawing 22 by which drawing 21 set the scale of the axis of ordinate 
of drawing of fu (theta) and drawing of iul are expanded in order to make the wave of fu (theta) legible. 
The wave of fu (theta) starts the peak portion of a sine wave by width of face 60 degrees, can be located 
in a line in it in order by the side of positive side negative side positive, and is the wave which set up the 
magnitude of a negative side the twice by the side of positive from drawing. That is, it is the wave which 
controls the place of the maximum peak of iul most. 

[0098] Therefore, by adding fu (theta), fv (theta), and fw (theta) of such a form to a sign curve, about the 
phase current, maximum current can be controlled and there is no change of an output torque based on 
this. Furthermore, the conditions of not generating the zero phase current are also filled with this 
example. 

[0099] Furthermore, the result of having used the conditions of formula (60) - (62) is shown in drawing 
23 . Drawing shows the following things. 

[0100] - The zero phase current zero phase current is ie=3(A), and a ripple component is not contained. 
[0101] - The current (iul+iu2) which generates torque motor torque is equivalent to drawing 19 , and 
has generated the torque as an intention. 

[0102] - The maximum of the magnitude of the magnitude phase current of the phase current is 1.866 
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(A). The component according [ the component according / the items of magnitude / to an alternating 
current ] to 0.866A and a direct current is 1 A. 

[0103] Thus, the maximum of the phase current can be controlled, without affecting the zero phase 
current and a motor output torque by using fu (theta), fV (theta), and fw (theta) which are shown in 
formula (60) - (62). 

[0104] Moreover, xi= 0 degree shows the case where the alternating current amplitude is modulated by 
the 3 times as many higher harmonic as this, as other examples when not allowing the zero phase current 
a ripple. 

[0105] That is, the wave of fu (theta) is shown in drawing 24 about the case of A=1(A) ie=3(A) as 
compared with iul . This wave is the wave which is a sine wave with one 3 times the frequency of this, 
and modulated the amplitude of an alternating current wave form from the first like a degree type. 
[0106] 

[Equation 15] 

»ui « (1 + aain(30))X8in(0) + t e /3 (63) 
tua m (1 - a*dn(30)Mriii(<?) - » e /3 (64) 

Furthermore, a formula (63) and (64) can be arranged as follows. 
[0107] 

[Equation 16] 

iul « A an(0) + i e /3 + a sm(30)4 8iii(0) (66) 
i u2 - Atan{0) - i e /3 - asin(30)A8m(0) (66) 

Here, if it sets with fu(theta) =alphasin(3theta) Asin (theta), the conditions of formula (33) - (42) will be 
satisfied. That is, the following results are obtained by setting it as fu(theta) =alphasin(3theta) Asin 
(theta). 

[0108] Drawing 24 shows this fu (theta). Furthermore, the result of having used this fu (theta) is shown 
in drawing 25 . Drawing shows the following things. 

[0109] - The average of the zero phase current zero phase current is ie=3(A). The magnitude is 3 times 
the amplitude of added fu (theta). 

[01 10] - The current (iul+iu2) which generates torque motor torque is equivalent to drawing 19 , and 
has generated the torque as an intention. 

[01 1 1] - The maximum of the magnitude of the magnitude phase current of the phase current is 1.872 
(A). The component according [ the component according / the items of magnitude / to an alternating 
current ] to 0.872 A and a direct current is 1 A. 

[0112] Next, a result when 30 degrees of phase contrast shift to the coil location between each star (xi= 
30 degrees) is shown in drawing 26 . This drawing shows the following things. 

[01 13] - The zero phase current zero phase current is ie=3(A), and a ripple component is not contained. 
[01 14] - The current (id and iq) which generates torque motor torque is equivalent to drawing 19 , and 
has generated the torque as an intention. 

[01 15] - The maximum of the magnitude of the magnitude phase current of the phase current is 1.866 
(A). The component according [ the component according / the items of magnitude / to an alternating 
current ] to 0.866 A and a direct current is 1 A. 

[01 16] - the wave of the phase current — the command value used here is a wave which changes steeply, 
in order to control the magnitude of current. However, in being actual, it realizes by filtering this and 
removing a high frequency component. However, the depressor effect of current worsens a little in that 
case. 

[0117] It is "example in case of allowing the zero phase current ripple" xi=0 degree, and is the 
conditions which allow a zero phase current ripple, and one of the energization methods which can 
control the magnitude of the phase current is passing fu (theta), fv (theta), and fw (theta) like formula 
(67) - (69). In addition, g2 of a formula is the constant put in in order to fulfill the conditions of formula 
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(40) - (42), and is g2=-0.637 in this case. 
[0118] 

[Equation 17] 

/wW \ Arin(«)- n (7r^fl£2^) (67) 

f Adn(*-^)-Sa (0<*<2f) 
/«(*) - < ( 2 ^<<?<5^) (68) 

I i4 sin(tf-^)-^ 2 (5^<^<2tt) 

' -iHn(«-£)- ft (0<*<f) 
/.(•) = I Amn{9-%)-g 2 (f <0<4f) (69) 
b -j4 sin(0-f)-s 2 (4f <^<2tt) 

The wave of fu (theta) is shown in drawing 27 about the case of A=1(A) ie=3(A) as compared with iul. 
Furthermore, the result of having used the conditions of formula (67) - (69) is shown in drawing 28 . 
Drawing shows the following things. 

[01 19] - Although the average of the zero phase current zero phase current is ie=3(A), a ripple 
component is contained and the magnitude is 0.46A. 

[0120] - The current (iul+iu2) which generates torque motor torque is equivalent to drawing 19 , and 
has generated the torque as an intention. 

[0121] - The maximum of the magnitude of the magnitude phase current of the phase current is 1.63 (A). 
The component according [ the component according / the items of magnitude / to an alternating 
current ] to 0.63 A and a direct current is 1 A. 

[0122] Next, the case where a 6 times as many higher harmonic as this is added to the zero phase current 
as an example of the method of others in the case of allowing a ripple at xi= 0 degree is shown. The 
wave of fu (theta) is shown in drawing 29 about the case of A=1(A) ie=3(A) as compared with iul . In 
addition, the value optimized so that the phase current might become min is used for the amplitude of a 
higher harmonic. 

[0123] Furthermore, the result of having used this fu (theta) is shown in drawing 30 . Drawing shows the 
following things. 

[0124] - As for the zero phase current zero phase current, a ripple component is contained, as for the 
average although it is ie=3(A). The magnitude is 3 times the amplitude of added fu (theta). 
[0125] - The current (iul+iu2) which generates torque motor torque is equivalent to drawing 19 , and 
has generated the torque as an intention. 

[0126] - The maximum of the magnitude of the magnitude phase current of the phase current is 1.96 (A). 
The component according [ the component according / the items of magnitude / to an alternating 
current ] to 0.96 A and a direct current is 1 A. 
[0127] 

[Effect of the Invention] Low cost-ization of a system is realizable, maintaining equivalency ability, 
since the current capacity of a device can be lowered without according to this invention, being able to 
control the maximum current value of the phase current, without being accompanied by the change in 
torque, and spoiling the function as a motor, as explained above. By controlling a torque ripple, the 
function of a motor is made to sufficient thing. 

[0128] Moreover, a high frequency component needs to be overlapped on current control at current. For 
this reason, it is necessary to control current to a RF region. However, more effective control is attained 
by changing control at a rotational frequency. 

[0129] That is, since the control frequency band from the first is low in order to perform amplitude 
maximum control in the low rotation region where a current value is large, control does not become 
extremely difficult even if it superimposes a higher harmonic. On the other hand, in a high rotation 
region, in order to use a conventional method, the control problem at the time of the above-mentioned 
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RF superposition is not generated. Furthermore, in a middle turn field, suitable control can be performed 
by controlling the ripple of the zero phase current. 

[0130] Current control is realizable with the change of such control, avoiding the problem on control by 

current control. . 
[0131] As mentioned above, although the gestalt of operation of this invention was explained using the 
example, as for this invention, it is needless to say that it can carry out with the gestalt which becomes 
various within limits which are not limited to such an example at all and do not deviate from the 
summary of this invention. 



[Translation done.] 
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